The results reported here are based on data of the Nova Pampulha Wastewater Treatment Plant, in the metropolitan region of Belo Horizonte (Minas Gerais, Brazil) containing an upflow anaerobic sludge blanket (UASB) reactor. The objective of this research was to establish the operational parameters of the plant and evolution of elimination of pollutants. Influent and effluent parameters used for this research, were oils, volatile fatty acidity, alkalinity, ammonium, bacteria, flow, chlorides, BOD, detergents, COD, phosphates, total nitrogen, pH, settleable solids, suspended solids (total and volatile), sulphates, sulphides, temperature (air, influent, effluent and reactor) and hydraulic retention time (HRT). Weekly data were collected between January 1998 and June 2000, namely 124 weeks. Methods used for data included conventional statistics, graphical representations and multiple linear regression, applied with the program SPSS, licensed to UPV/EHU with the aim of obtaining equations for the estimation of%age elimination (or increase) of pollutants during anaerobic treatment. The analysis of operational data of the Nova Pampulha plant also includes the temporary and seasonal evolution of control parameters, made by a set of graphical representations for process parameters (flow, HRT, temperature and bacterial count), parameters associated with acid -base equilibrium (acidity, alkalinity and pH), organic constituents (BOD, COD, oils and detergents), inorganic constituents chlorides, phosphates, sulphates, sulphides and nitrogen compounds) and solids (settleable and suspended). By using multiple linear regression, equations could be obtained for estimating the elimination of constituent loads as functions of process parameters and constituent loads in the influents, as possible independent variables. Equations, statistically significant at a 95% confidence level, were obtained for all the eliminations. The calculation is presented in the form of regression equations and some comparative graphics between experimental and predicted data. Data variances were in the region of 20 and 87%. The observation of coefficients of equations for organic matter and suspended solids permits the establishment of parameters associated with elimination or increase of these constituents.
Introduction
Of the techniques used for the anaerobic treatment of wastewater, the UASB (upflow anaerobic sludge blanket) reactor is actually a technology adapted for a wide variety of industrial effluents and wastewater (Lettinga et al., 1997; Lópèz and Iza, 1998) . Furthermore, it is very well suited to the climatic conditions of Brazil (Von Sperling, 1995; Van Haandel and Lettinga, 1994) .
The efficiency of the system has been proved and the results obtained fulfil the objectives intended in well-designed and -operated plants. This type of reactor treats domestic wastewater with 500 mg/l BOD eliminating 80% of the organic load in stations of Large Campina-Paraiba (Van Haandel et al., 1993) and São Paulo (Vieira et al., 1994) .
In Brazil the number of cities and industries with wastewater treatment plants is very limited. Wastewater is collected in about 30% of the towns and villages, and treatment plants are found in only 10% of them (Chernicharo, 1997; Fundacao,2000 ) . One of the factors that prevent a most effective development is the territorial expanse, as well as the population distribution (170 million inhabitants).
In this work real data from Nova Pampulha, a community of 6 600 inhabitants, located in Ribeirão das Neves, a residential area of the metropolitan region of Belo Horizon, was used. The wastewater treatment plant, owned by Companhia de Saneamento of Minas Gerais, COPASA-MG, uses a UASB reactor for biological treatment. Information obtained was used for the following purposes:
• to analyse the operational data of the plant, in order to determine the removal efficiency of pollutants, and its relation with process, temporal and seasonal parameters, and • to obtain mathematical equations that allow the estimation of pollutant removal by the anaerobic digestion process used in the plant for different experimental conditions.
Experimental Description of the plant
The water treatment plant in Nova Pampulha includes the following stages:
• Pumping of urban wastewater (maximum flow rate 43 m 3 /h and 25 m of water column). The impulse pipe comprises 200 mm diameter PVC tubes and leads to a channel.
• Screening by 12.5 mm back racks with manual cleaning.
• Grit removal in a 5.0 m settling tank. Available on website http://www.wrc.org.za • A distribution system formed by triangular notch weirs, which divide the flow into two equal parts to the bottom of the reactor through two 150 mm diameter tubes. Each tube has eight radial outlets.
• A UASB biological reactor operating at ambient temperature.
The reactor, made from brick and concrete, has a horizontal area of 39 m², a depth of 5.65 m and two chambers, each one with a volume of 149 m³. The cone-shaped internal settler has a volume close to 6.9 m 3 , a height of 1.10 m and an upper section of 12.70 m².
• A cascade gravity aerator • Two sand-bed sludge dryers.
Sampling and control parameters
Sampling and determination of control parameters, used in this research on the Nova Pampulha wastewater plant were carried out by COPASA, between January 1998 and June 2000, in the following manner:
Twice a day, approximately at 09:00 and 15:00h, temperatures, pH values and settleable solids were measured in situ. Flow was measured each hour and expressed as l/s. The data obtained were averaged to get weekly values in each case. From the weekly flow data and reactor volumes (298 m 3 ), hydraulic retention times (HRT) were calculated and expressed in hours. To determine the rest of the operational parameters, a composite sample was made up by 200 ml aliquots, taken every hour of the day and preserved in a closed plastic vessel at a temperature of 5ºC. Sampling was done weekly and used to measure, according to Standard Methods (1999), the following parameters: oils, volatile fatty acids, alkalinity, ammonia nitrogen, bacteria, chlorides, BOD, detergents, COD, phosphates, Kjeldahl total nitrogen, settleable solids, suspended solids (total and volatile), sulphates and sulphides.
From the analysis results, the constituent loads were calculated and expressed as kg/d. In the case of bacteria, data were finally expressed as number of bacteria/d. The percentages of elimination of constituents were obtained from individual influent and effluent data.
Data treatment
The methods used include conventional statistics (Calvo, 1978) , X -Y graphs and a multivariate statistical method (multiple linear regression), applied with the program SPSS, licensed to UPV/EHU (SPSS, 1989-93) , the applications of which are described by Ferrán (1996) .
The conventional statistics used were the following: Mean value, standard deviation, maximum and minimum values and percentage of variability (CV = 100 x standard deviation/mean value). In multiple linear regression, the elimination of a constituent load was related to other parameters, taken as independent variables, by means of a linear equation of the type: 
Discussion
A brief account of the operational data, supplied by COPASA on the Nova Pampulha treatment plant, is shown in Table I . The great variability of some parameters (especially bacterial counts) as compared with the constancy of others (pH and temperatures) is evident. The usual behaviour is elimination of oils, organic matter and settleable or suspended solids, though increases in these parameters were sometimes observed and attributed to operational defects of the plant. An increase in ammonium salts, total nitrogen and phosphates due to degradation of organic matter or solubilisation of compounds present in suspended solids, was also found.
For the rest of the parameters, the occurrence of elimination or increase should be due to fluctuations derived from the sampling procedure or to episodes of defective operation of the UASB reactor, as a consequence of failure in granulation.
Secondly, temporal evolution of the Nova Pampulha plant can be discussed by means of graphical representations against time of process parameters, acid-base equilibrium data, inorganic or organic constituents and solids (settleable or suspended). Figure 1 shows temporal evolution of some parameters.
During the first 50 weekly samplings flows increased considerably due to the connection of additional collectors. Afterwards the flow oscillated in the range of 12 to 14 l/s, perhaps due to seasonal variations. The evolution of hydraulic retention time thus showed an inverse trend. A considerable decrease in organic matter is evident, reflected in the reductions of BOD and COD in the effluents. Elimination is slightly greater in the case of BOD and has relative maxima and minima, which suggests a seasonal dependency. In some cases, the values of elimination are negative, i.e. increases occur in the effluents, which can be attributed to deficient operation of the UASB reactor, due to possible failures in granulation. The temporal evolution of total suspended solids shows a considerable reduction in the effluent because of elimination during the treatment. A seasonal dependency seems to exist, illustrated by maximal and minimal values for influent and effluent. Finally there are some data outside the adjusted curves, probably due to the sampling method or to treatment failures. Analogous considerations could be made on the evolution of volatile suspended soils, not shown in Fig. 1 . The percentages of elimination of constituent loads (or increase with negative sign) are analogously summarised in Table 2 . The observation of data permits the authors to suggest that:
PERCENT OF BOD ELIMINATED
• Most of the parameters were measured on composite samples, made up by 24 equal aliquots accumulated over 24 h. Therefor influent and effluent composite samples are made up at separate intervals equal to hydraulic retention times and therefore, strictly speaking, they will not be comparable. This fact can probably justify small differences in some cases and leads to increases instead of elimination in the treatment. This is not applicable to settleable solids (measured in situ twice a day and expressed later as an average for the sample) or bacteria (only one counting per month with 24 h composite samples). • The minimal and some mean values of percentages of elimination of constituent loads are negative and this supposes an increase in constituents. As the maximum values are always positive, the standard deviations may be quite high. When the mean value is negative, a negative CV is thus obtained. If the mean value is close to zero, especially for FSS elimination, a very high CV is calculated. • For volatile acidity and alkalinity, increase and elimination were observed with a mean increase in both parameters. No clear relationship between the pH values of influents and effluents was observed (as shown in Fig. 2) , where a slight decrease in pH is evident as a consequence of UASB operation, probably due to the evolution of carbon dioxide.
• Elimination of organic matter and solids occurs generally as a consequence of the anaerobic treatment, but there are also increases in some cases. Therefore the cases in which increases in such constituents occur should in all probability, be attributed to deficient plant operation accompanied by leaching of suspended solids, organic matter and even of bacteria to the effluent. This agrees with the fact that the most frequent defect in the operation of a UASB reactor is granulation failure (Mergaert et al., 1992) . When the plant is operating well the efficiency is comparable to data published in the literature for the same (Van Haandel et al., 1993; Vieira et al., 1994) or different type (Barbosa Correa et al., 2002) of biological treatment in Brazilian wastewater plants. The histograms included in Fig. 3 for the percentages of elimination of BOD and VSS show that the more frequent cases are close to 75% and 50%, respectively. The number of cases with inefficient plant operation are less than 20%.
• Special attention must be given to the cases of nitrogen and phosphorus derivatives. An increase in the concentrations of total and ammonia nitrogen and phosphates in the effluents is observed. It must be emphasised firstly that the mean concentrations of total nitrogen and phosphates in influents and effluents, shown in Table 1 , are approximately equal. Therefore the increase, instead of elimination, found for these constituents, can be attributed to the sampling procedure or to small amounts of constituents originating in the anaerobic treatment, perhaps due to nitrate or nitrite reduction to ammonia compounds (and measured then as Kjeldahl total nitrogen) or to the conversion of the organic compound phosphorus to phosphate, measured in the effluent.
• The increase in ammonia nitrogen can be attributed to the fact that, during UASB treatment, mineralisation of organic nitrogen compounds, with conversion mainly to ammonia salts, was achieved.
• Finally, in the case of chloride, increase or elimination is observed and must be attributed to fluctuations in the sampling procedure, because the average chloride values of the influent and effluent are almost equal, as shown in Table 1 .
The study on the Nova Pampulha plant was completed by obtaining equations by means of multiple linear regression that permit the estimation of the elimination of constituents as functions of process parameters and influent constituent loads, as possible independent variables. Significant equations at the 0.050 level (95% of confidence) were obtained in all cases. Table 3 contains the coefficients of obtained equations and the explained variances which range from 20.36% for phosphate to 86.92% for bacteria. The quality of estimation obtained by multiple linear regression is shown in Fig. 4 for the elimination of some constituent loads. Those cases in which increases instead of elimination were observed must be again attributed to the sampling method or to inefficient operation of the UASB plant. The observation of coefficients in the equations included in Table 3 suggests that the elimination of organic matter and suspended solids may be associated with these constituent loads and ammonia nitrogen in the influents, while the increase of effluent constituent loads seems to be associated with chloride and detergent in the influents and high temperatures.
Final considerations
As a consequence of this study, based on data of the Nova Pampulha wastewater plant, in the metropolitan region of Belo Horizonte (Minas Gerais, Brazil) containing a UASB reactor, two final remarks can be made :
This work has confirmed that, if the plant is operating correctly, its efficiency is comparable to that of other Brazilian wastewater plants using the same or different type of biological treatment. During the period of this research (January 1998 to June 2000, namely 124 weeks) inefficient plant operation was observed for less than 20% of the time, despite the great variability in flow and composition of influent.
The use of multiple linear regression has permitted the authors to obtain equations for estimating the elimination of constituent loads as functions of process parameters and constituent loads in the influents as independent variables, and to suggest the influent constituents and process parameters associated with either elimination of effluent organic matter or suspended solids during efficient plant operation, or increases, probably due to granulation failure in the UASB reactor.
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